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(54) Gas turbine muKI-hole film cooled combustor iiner and method of manufacture 

(57) Provided are a gas turbine multi-hole film- 
cooled comtxjstor liner, which can be manufactured with 
improved accuracy in shape and position of cooling 
holes (3) in a very short time, ensuring desirable buck- 
ling strength and satisfactory cooling performance. A 
planar flat member is curved to form a liner shell (1 ) of a 
cylindrical shape, the cylindrical member is welded in 
the longitudinal direction thereof to form a cylindrical 
shell. Then a wavy configuration (11) arxi a corrugated 
configuration (12) are formed on the cylirxirical shell t>y 
a hydro-bulging method, cooling holes (3) are formed 
through the liner shell (1) by laser drilling at or near 
wave crest portions of the wavy configuration of the liner 
shell (1). and inner rings are attached to the liner shell 
(1) by resistance spot welding or vacuum brazing. 
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Description 

RAnKGROUNP OF THE INVENTION 

1 . Field of the Invention 5 

The present invention relates to a multi-hole film 
cooled comtxistor liner for use in a gas turbine for a reg- 
ular power generation system, and a method of manu- 
facture. ^0 

2. Information of the Related Art 

A gas turbine for a regular power generation sys- 
tem, for example* a heavy-duty-type gas turt)ine. gener- is 
ally comprises a combustors located k^etween a 
compressor and a turbine. In the combustor of this type, 
compressed air is supplied from the compressor into the 
combustor. and fuel ejected from a fuel injection vah/e is 
mixed and burned with the compressed air. A resultant 20 
combustion gas is cause to flow into the turbine, and 
usually has an intensely high temperature such as 
2.00(^0. To prevent the intense heat of the hot gas from 
damaging the turt»ne. the tenperatu'e of the gas at the 
outlet of the combustor must be made lower to an 2S 
acceptable level such as 1 .300^0. Thus, a great deal of 
air is required to cool the hot gas during the gas turt>ine 
operation. 

Conventionally, as shown in FIG. 11 or 12. a film 
cooled combustor liner is provided in the contxjstor. A 30 
liner shell 1 is in the form of a wavy thin-walled cylinder, 
and inner rings 2 are attached to the inside of the shell 
1 . A large number of f dm cooling holes 3 are drOled 
through the wall of the liner shell 1 . Air admitted through 
the cooling holes 3 is deflected by the inner rings 2 to 3S 
flow along the inside of the liner in the flowing direction 
for the oorrt^ustion gas. Thus, a cooling film is rrain- 
tained along the inside of the liner, thereby efficiently 
cooling the gas passing through the liner to the turbine. 
As a result the temperature of the corrtxistion gas 40 
admitted into the turt>tne Is lowered to the acceptat)le 
level. Further, fins 4 for improving the buckling strength 
of the comtxistor liner are attached by TIG welding or 
the like on the outer peripheral surface of the liner shell 
1 on the downstreani sida 45 

As the liner shell 1 require strength at high-temper- 
atures, an Ni- or Co-based alloy, a hardly workable 
rmterial, is used as a base material for the liner shell 1 . 
The liner shell 1 of this material is manufactured by a 
method shown in FIG. 1 3 A or 1 3B. so 

According the manufacturing method shown in FIG. 
13A, the cooling holes 3 are drilled through a flat mem- 
ber or plate by purx:hing or drilling in Step SI . the flat 
memt>er is cun^ed into a cylindrical shape in Step S2. 
and the cylindrical member is welded in the longitudinal 55 
direction by TIG welding or the like in Step S3. In Step 
S4. moreover, the weMed cylindrical member is formed 
into a wavy shape by spinning. As is also shown in FIG. 



14. the welded cylindrical member 6 is rotated as a 
roller 5 is externally pressed against a die 7 set inskle 
the welded cylindrical member 6. Thus, the welded 
cyiindrteal member 6 is fbnned into a wavy shape. 
Then, in Steps 85 or S6, the inner rings 2 are bonded to 
the liner shell 1 by resistance spot welding or vacuum 
brazing. In Step S7, fins 4 are bonded to the liner shell 
1 t>y TIG welding or the like. 

On the other hand, accorcfing the manufacturing 
method shown in FIG. 13B, a flat menrtser or plate is 
curved into a cylindrical shape in Step Si, the cylindri- 
cal member is welded in the longitudinal direction t>y 
TIG welding or the like in Step S2, and the wekjed cylin- 
drical member is formed into a wavy shape by spinning 
in Step S3 in the manner shown in FIG. 14. In Step 84. 
moreover, the cooling holes 3 are drilled through the 
wavy cylindrical member by punching or drilling. In 
Steps 85 or 86, the inner rings 2 are borxied to the liner 
shell 1 by res^tance spot welding or vacuum brazing. In 
Step 87. fins 4 with a lerigth of about 1 mm are borxjed 
to the liner shell 1 by TIG welding or the like. 

According the rnanufacturing method shewn in FIG. 
13A, however, the liner shell 1 is formed into the wavy 
shape after the cooling hojes 3 are drilled therethrough/ 
whereupon the configuration of the cooling holes 3 may 
possik}ly be deteriorated. In some cases, moreover, tfie 
cooling holes 3 fail to be an^anged in appropriate posi- 
tion in the wavy wall of the liner shell 1 . 

According the manufacturing method shown in FIG. 
13B, the punchinig process requires riaplacement of a 
used punch or other tool, arxi repairing the liner shell 1 
takes much time when the punch is broken, even though 
the Gner shell 1 is accurately formed into the wavy 
shape. In bonng the cooling holes 3 by drilling, moreo- 
ver, a predrilling process which is a requisite for the drill- 
ing operation takes more time than the punching 
process 

In the case where the inner rings 2 are attached to 
the liner shell 1 , in either of the manufacturing methods 
shown in FKBS. ISA and 13B, they must be expanded. 
spot-weUed, arKi brazed, wherefore it is very difficult to 
maintain the quality of brazed portions arxj attach the 
rings 2 in a short period of time. 

Furthernnore. since the reinforcement fins 4 tx>nded 
to the liner shell 1 by TIG welding are Gable to sut>stan- 
tial thermal deformation, furthermore, the liner results in 
having an unsatisfactory buckling strength. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provkle a 
film cooled combustor liner, manufactured with 
improved accuracy in shape and position of film cooling 
holes in a very short time, arxi ensuring desirable buck- 
ling strength and satisfactory cooling performance, and 
a method for manufecturing the same. 

In an aspect there may be provided a multi-hole 
f ilnvcoded contxjstor liner for a gas turbine, said com- 
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bustor finer being nxujnted on a oombustor (exited 
between a compressor and the turbine, Said combustor 
liner comprising, a wavy finer shell, mounted on said 
contxistor, for undergoing heat from a combustion gas 
passing through said combustor, said liner shell having 
a plurality of film cooling holes tor admitting air from an 
outside to an inside of said liner shell, and inner rings, 
attached to the inside of said liner shell, for deflecting 
the air admitted through said cooling holes so as to 
direct air toward a downstream direction tor the conrv 
bustion gas along the inner surface of the liner shell, 
thereby mainltning a cooling film, said cooling holes 
being formed through the liner shell by laser drilling in a 
manner such that the center axis of each cooling hole is 
inclined toward the downstream direction for the com- 
bustion gas. 

Thus, the respective central axes of the cooling 
holes are inclined toward the downstream direction for 
the combustion ga& Accordingly, air can be directed 
effectively toward and along the inner surface of the 
liner shell so as to maintain a satisfactory coding film, 
and therefore, the cooling efficiency for the liner shell 
can be improved. 

In an aspect of the invention, there is provided a 
multi-hole f Snvcooled combustor liner for a gas turbine, 
said combustor lirfer being mounted on a combustor 
located t)6tween a compressor arKi the turbine, said 
combustor liner corrprising, a wavy liner shell, nrounted 
on said combustor. for exposure to heat from a combus- 
tion gas passing through said combustor, said liner shell 
having a plurality of film cooling holes for admitting air 
from an outside to an inside of said liner shell so as to 
direct air toward a downstream direction for the conrv 
bustion gas along the irtner surfoce of the liner shell 
thereby providing film cooling, said cooling holes being 
formed by laser drilling through those regions situated in 
the upstream direction for the conrt»ustion gas from 
wave crest portions of the liner shell in a manner such 
that the center axis of each cooling hole is inclined 
toweU'd the upstream direction for the combustion gas. 

Since the inner rings are not used in this arrange- 
ment, the manufacturing processes are constderably 
reduced in number. Moreover, air is directed immedi- 
ately toward and along the inner surface of the liner 
shell after it is admitted through the cooling holes, 
whereupon the cooling peribrnnance con be improved. 

Further, there may be provided a method for manu- 
facturing a multi-hole film-cooled combu^r liner for a 
gas turbine, said combustor liner being nrK>unted on a 
connbustor located between a compressor and the tur- 
bine, said method comprising steps of, curving a planar 
flat member to form a liner shell of a cylindrical shape, 
welding the cylindrical member in the longitudinal direc- 
tion thereof to form a cylindrical shetl, forming a wavy 
configuration and a corrugated configuration on the 
cylindrical shell by a hydro-bulging method, forming 
cooling holes through the liner shell by laser drilling at or 
near wave crest portions of the wavy configuration of 
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the Gner shell, and bonding inner rings to the liner shell 
t>y resistance spot welding and vacuum brazing. 

Thus, the wavy configuration and the corrugated 
configuration eue formed by the hydro-txjlging method. 

5 whereupon they can be completed with high accuracy in 
a short time. SirKe the cooling holes are formed by laser 
drilling, moreover, the accuracy in position and shape of 
the cooling holes is greatly improved, whereupon the 
cooling efficiency for the liner shell can be increased. 

10 In a farther aspect of the invention, there is provided 
a method for manufacturing a nulti-hole fSm cooled 
combustor liner tor a gas tubine. said combustor liner 
being mounted on a combustor located between a com- 
pressor arxl the turtune, said method comprising steps 

IS of, curving a planar flat menrt>er to form a liner shell of a 
cylindrical shape, welding the cylindrical member in the 
longitudinal cfirection thereof to form a cylindrical shell, 
forming a wavy configuration and a corrugated configu- 
ration on the cylindrical shell by a hydro-bulging 

20 method, and, forming cooling holes by laser drilling 
through those regions situated upstream of wave crest 
portions off the liner sheD in a manner such that the 
cerrter axis of each cooling hole is inclined toward the 
upstream direction for the combustion gas. 

25 Since the inner rings ore not used in ttus arrange- 
ment the manufacturing processes are considerably 
reduced in nunrt>er. Sirx;e the wavy configuration and 
the like are formed by the hydro-bulging method, they 
can be completed with high accuracy in a short time. 

30 SirK:e air is directed immediately toward and atong the 
inner surface of the liner shell after it is admitted through 
the cooling holes which are formed by laser drilling, the 
accuracy in position and shape of the cooling holes is 
greatly improved, whereupon the cooling efficiency for 

35 the liner shell can be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of a conPustor liner manufac- 
40 tured by a method according to a first embodiment 
of the present invention; 

FIG. 2 is a flowchart showing a liner manufacturing 
process of the method accordng to the first embod- 
iment; 

45 FIG. 3 is a sectional view of a hydro-txjIging appa- 
ratus; 

FIGS. 4A and 4B are perspective views showing a 

modification of the hydro-txilging apparatus; 

FIG. 5 is a sectional view of a wavy-configuration 

50 region of the liner manufoctured by the method 
according to the first embodiment; 
FIG. 6 is a sectional view of a corrugated-configura- 
tion region of the liner manufactured by the method 
according to the first embodiment; 

55 FIG. 7A is a sectional view for illustrating the way in 
which cooling holes are formed by laser drilling 
according to the first enrtediment; 
FIG. 7B is an enlarged view showing the principal 
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part of the structure shown in FIGL 7A; 
FIG. 8 is a graph showing the relationship between 
the angle of incidence of a laser beam and the liner 
shell t mperature during operation; 
FIG. 9 is a sectional view for illustrating the way in 
which coding holes are formed by laser drilling 
according to a second embodiment of the invention: 
FIG. 10 is a sectional view for illustrating the way in 
which inner rings are bonded laser beam weld- 
ing according to a third embodiment of the inven- 
tion; 

FIG. 11 IS a perspective view of a conventional 
combustor liner; 

FIG. 12 is a sectional view of the conventiorud com- 
bustor liner; 

FIGS. 13A and 13B are flowcharts showing differ- 
ent conventional combustor liner manufactiffing 
processes; and 

FIG. 14 is a sectional view of a conventional draw- 
ing apparatus. 



DETAILED DES CRIPTION OF THE PREFERRED 
EMBODIMENTS 



Pr^erred embocfiments of the present invention will 
be understood from the following detailed description 
made with reference to the accompanying drawings. 

Refening now to FIGS. 1 to 8. a combustor liner 
according to a first embodiment of ttie present trrvention 
win be described in detail. FIG. 1 shows an outline of the 
combustor liner, whose shall 1 has a wavy configuration 
1 1. a conojgated configuration 12 on the downstream 
side of the wavy configuration 11 with respect to the 
flowing direction for a fuel gas. arid a wavy configuration 
1 1a on the downstream side of the corrugated conf igu- 
ration 12. The liner shell 1 is formed by the hydro-lxjlg- 
Ing method. 

Referring now to the flowchart of FKB. 2. processes 
for manuMcturing the combustor liner according to the 
present embodiment will be descrit)ed. 

In the process of Step Si , a flat member or plate to 
form the liner sheQ 1 is curved or rolled into a cylindrical 
shape by means of. for example, three rollers. In tNs 
process, a cylinder having a diameter of 300 to 400 mm 
is obtained. 

In the process of Step S2. the cylindrically rolled 
memt>er is welded along the opposite longitudinai edge, 
whereupon a cylindrical shell is completed. The welding 
may. for example, be TIG weldbig. laser welding, or 
plasma welding. 

In the process of Step S3, the wavy configurations 
11 and 11a and the corrugated configuration 12 are 
formed on the cylindrical shell by the hydro-bulging 
method. FIG. 3 shows a hydro^iging apparatus. A 
cylindrical sheO 15 is inserted in a split mold 13. and a 
pair of pistons 1 4 each having a liquid inlet 1 4a are fitted 
individually on the opposite sides of the cylindrical shell 
15. 



tn the manufacturing process, the cylindrical shell 
15 is inserted into the split mold 13. and the mold 13 is 
set in position. Then, a liquid 16 is introduced into the 
cylindrical shell 15 through the liquid inlets 14a of the 

5 pistons 14. and the pistons 14 are pressed under a 
pressure of 1.000 to 2.000 atm. for 1 to 10 minutes. In 
this case, the liquid 16 may be water or oil. The wavy 
configurations 1 1 and 1 la and the corrugated configu- 
ration 12 are formed in this maruier, as shown in FIG. 1. 

10 FIGS. 5 and 6 showthese sectional configurations. The 
wavy configurations 11 and 11a have pitches (P) of 10 
to 20 mm and a radius (R) of curvature of 1 to 4 mm. 
The corrugated configuration 1 2 has a height (H) of 2 to 
10 mm and a width (W) of 3 to 20 mm. 

15 As shown in FIGSl 4A and 4B, a mold for hydro- 
bulging tias a dual structure, including an inner mold 
13a aiKl an outer moid 13tx The cylindrical member for 
forming the liner shell 1 is set in the inner mold 1 3a. The 
outer mold 13b may be arranged so as to cover the 

20 inner mold 13a. 

Then, in the process of Step S4. film cooling holes 
3(FIQ& 7A and 7B) are drilled through the liner shell 1. . 
which has the wavy configuration 1 1 and the corrugated 
configuration 12, as shown in FIGS. 5 and 6. by laser^^ 

25 processing or laser drilling. An industrial laser, such as! 
a CO2 laser, YAG laser, or exdmer laser, is imed to gen- 
erate a laser beam 17 for laser drilling, as shown in 
FIGS. 7A and 78. An optical system for focusing the 
laser beam 17 may be a foa^ng lens 18, as shown in 

30 FIG. 7A or a focusing mirror. The laser drilling may be 
used for oth^ drilling or cutting operaborrs than the 
cooling hole drilling. 

During the laser drilling, the laser beam 17 gener- 
ated from a laser oscillator (not shown) is incident on a 

35 point of processing by means of. for example, the focus- 
ing lens 18, thereby drilling the liner shell 1. The laser 
drilling may be carried out either t3y a percussion 
method, in which the laser t>eam 1 7 is fixed in position, 
or a trepainnlng method, in which the las^ beam is 

40 moved. TTie laser may be generated with pulse oscilla- 
tion or continuous oscfllation. Oxygen, nitrogen, or air 
may t>e used as a processing gas. The following is a 
description of specific processing conditions. 
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CO2 laser output power: 500 to 5.000 W. 

Processing speed: 10 to 2.000 mmMiin. 

Processing gas: Oxygen, nitrogen, air. 

Supplied gas pressure: 0.5 to 15 kgf/cm^. 

Focal length of lens: 63.5. 95, 127. 190. 254 mm. 

Focal position: -8 to +2 mm. 

Base material: Ni-based alloy. Co-based alloy. 



According to the present embodiment, each cooling 
hole 3 is formed by laser drilling in a manner such that 
55 its center axis is incfined toward downstream side at an 
angle e to a radial direction for the liner shell 1. as 
shown in FIG. 7A. bi this arrangement, air is directed 
toward and along the inner surtoce of the liner shell 1 so 
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as to maintain a satisfactory cooGng fOm. and therefore, 
the cooling efficiency for the liner shell 1 and inner rings 
2 attached to th inner sur^ce of the liner shelM can be 
improved. 

FIG. 8 shows the relationship between the angle e 
of inclination and the temperature of the liner shell 1. 
The lower limit value of the angle e is 20''. If the angle e 
exceeds 60*", the laser drilling is difficutt Preferably, 
therefore, the inclination angle 0 ranges from 20*" to 60*". 

Preferably, nnoreover, the center axis of each cool- 
ing hole 3 should be inclined or angularly moved toward 
downstream side with respect to the radial direction tor 
the liner shell 1 whereupon the €ur adnrtitted through 
each hole 3 directs toward a junction 19 between the 
liner shell 1 and each inner ring 2. In this case, the cool- 
ing holes 3 are positioned such that the inclination angle 
e increases with distance from each wave crest portion 
of the wavy configuration. TTius. the cooling film is main- 
tained more satisfactorily, whereby the cooling effh 
ciency can be further Improved. 

In the succeeding Steps S5 and S6, the inner rings 
2 are bonded to the liner shell 1 by resistarx:e spot weld- 
ing and vacuum brazing. In these steps, a resistance 
spot welder arxi a vacuum brazing apparatus are used. 

The resistance spot welding of Step 85 is carried 
out under the following conditions. 

Cun-ent value: 10.000 to 15.000 A. 

Applied pressure: 3 to 10 kgf^mm^. 

Electrode shape: Round (5 to 10 mm in diameter). 

Conduction time: 0.05 to 1 second. 

The following is a description of conditions for the 
vacuum brazing of Step S6. 

Brazing material: BNi-5. 

Heat cycle: Heating-up at 5 *C/min 30 minutes at 
850 to 900 °C 5 minutes at 1,050 to 1.200 "C-^ 
furnace cooling (cooling gas is supplied at more 
than 800 'C). 

Thus, accorcfing to the present entxxjiment the 
liner shell 1 can be manufactured with high molding 
accuracy and with high accuracy in shape and position 
of the cooling holes 3 in a short period of time. As a 
result the number of manufacturing processes can be 
reduced by 30 to 50% or more. Since the rise in temper- 
ature of the liner shell 1 and the inner rings 2 during 
operation can be lowered, the life of the liner can be 
increased. Since the processing accuracy of the liner is 
improved. flirthernrKxe, tiie cooling performance of the 
liner, as well as the accuracy of thermal analysis for 
designing, is improved, tf the cooling performance of the 
liner shell 1 is irrproved, the quantity of air introduced 
through the film cooling holes 3 will be reduced, where- 
upon the operating efficiency can be improved. Further- 
more, from the ecological point of view, the NOx 
concentration can be lowered. 



Referring now to FIG. 9, a comtxjstor liner accord- 
ing to a second embodiment of the present invention will 
be descrit>ed. 

In the present embodiment a liner shell 1 is not fit- 

5 ted with any inner rings, and cooling holes 3 are cfeilled 
through tiiose regions of tiie liner shell 1 which are situ- 
ated on the upstream side of wave crest portions of 
wavy configurations 11 and 11a. with respect to the 
flowing direction for the fuel gas. in a manner such that 

10 the respective central axes of the holes 3 are inclined 
toward upstream side at an angle 6 to a radial direction 
for the finer shell 1 . Thus, air admitted tftrough the cod- 
ing holes 3 is directed toward and along the inner sur- 
face of the liner shell 1 . theretsy maintaining a cooling 

15 film. Preferably, in this case, the inclination angle 6 
should be set within the range from 45* to 80* for effec- 
tive film cooling. As in the case of the first embodiment, 
the coding holes 3 are formed by laser drilling. Among 
the manufacturing processes shown in FIG. 2, the proc- 

20 esses of Steps S1 to S4 are naturally executed by using 
the hydro-bulging method without any change, wNle tiie 
processes of Steps S5 arvJ S6 are omitted. 

Since the inner rings are not used according to the 
present embodiment, the manufacturing processes are 

25 considerably reduced in number. Moreover, air is 
directed immediately toward the liner shell 1 after it is 
admitted ttirough the coding boles 3 which are fbrnied 
by laser drilling. Thus, the accuracy in position and 
shape of the cooling hdes 3 can be greatiy improved, 

30 whereby the cooling eff idency for ttie liner shell 1 can 
be increased. 

Refening now to FIG. 10. a conrtoustor liner accord- 
ing to a third embodiment of tine present invention will 
bedescrft)ed. 

35 In the present embodiment inner rings 2 are 
welded to a liner shell 1 by laser welding in place of the 
resistance spot wel(£ng which is used in the first 
embodiment As shown in FIG. 10. a laser beam 17 is 
applied from outside the liner shell, whereby the inner 

40 rings 2 are lap-welded. The welding operation may b 
carried out intermittentiy for one or two welded joints. 

The following is a description of specific welding 
conditions for the inner rings 2 for this case. 

45 COg laser output: 500 to 5,000 W. 

Perforating speed: 100 to 4,000 mm/min. 

Processing gas: He, Ar, N2. 

Gas feed rate: 20 to 100 litVmin. 

Focal length of lens: 127, 190, 254 mm. 
so Focal position: -8 to 4^ mm. 

Base material: Ni-based alloy. Co-based alloy. 

In ttiis case, the number of manufacturing proc- 
esses is reduced to about 1/4 to 1/10 of the number for 
55 the case of the resistance spot welding. 

According to the present invention, as described 
atxjve. ttiere is provided a combustor liner which can be 
manufactured with inproved accuracy in shape and 
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position of cooling holes in a very short time, ensuring 
desirable txjckfing strength and satisfactory cooling per- 
formance. Alsa the number of manufacturing proc- 
esses can be reduced by 30 to 50% or more, and the 
rise in temperature of the liner shell and inner rings dur- 
ing the gas turbine operation can be towered, where- 
upon the life of the liner can be increased. Since the 
processing accuracy of the liner is inrproved. the cooling 
performance of the liner, as well as the accuracy of ther- 
mal analysis tor designing, is inprcved. If the cooling 
performance of the liner shell is improved, the quantity 
of air admitted through the film cooling holes is reduced, 
whereupon the load on a compressor is reduced, and 
the operating efficiency is improved. 

More specifically, the center axis of each cooling 
hole is inclined toward downstream side with respect to 
a radial cfirection for the liner shell, whereby air is 
directed effectively toward and along the inner surfece 
of the liner shell so as to maintain a satisfactory cooling 
film. Thus, the cooling efficiency for the liner shell can 
be improved. 

When the inner rings are not used, the manufactur- 
ing processes are oonsiderat)ly reduced in number. 
Moreover, air is directed immediately toward the inner 
surface of the liner shell after it is admitted through the 
cooling holes, whereupon the cooling performance can 
be improved. 

Since the wavy configuration and the corrugated 
cofYfiguration are formed t>y the hydro-txilgirtg method, 
they can be conrtpleted with high accuracy in a short 
time. Furthernx)re, since the cooling holes are formed 
by laser drilling, moreover, the accuracy in position and 
shape of the cooling holes is greatly improved, whereby 
the cooling efficiency for the liner shell can be 
increased. 

When the inner rings are not used, the manufactur- 
ing processes are considerably reduced in number. 
Since the wavy configuration and the like are formed by 
the hydro-bulging method, they can be conrpleted with 
high accuracy in a short time. Since siir is directed 
toward and along the inner surface of the liner shell after 
it is admitted through the cooling holes which are 
formed by laser drilSng, the accuracy in position and 
shape of the cooling holes is greatly improved, whereby 
the cooling efficiency for the liner shell can be 
increased. 

While the presently preferred embodiments of the 
present invention have been shown and described, it is 
to be urxierstood that this disclosure is for the purpose 
of illustration and that various changes and modifica- 
tions may be made without departing from the scope of 
the invention as set forth in the appended claims. 

Claims 

1. A multi-hole film-cooled combustor liner for a gas 
turbine, said combustor liner being nnounted on a 
combustor located between a compressor arKi the 



turbine, said combustor liner comprising, a wavy 
liner shell (1). mounted on said combustor, for 
exposure to heat from a combustion gas passing 
through said combustor. said liner shefl having a 

5 plurality of las^* drilled film coolffig holes (3) for 
admitting air from an outside to an inside of said 
finer shell (1) so as to <firect air toward a down- 
stream direction tor the oonttxfition gas along the 
inner surface of the liner shell (1 ) thereby providing 

10 f8m cooling. 

characterized in that said cooling holes (3) 
are situated in the upstream direction of the com- 
bustfon gas from wave crest portioris of the liner 
shell (1) in a manner such that the center axis of 

IS each cooling hole (3) is inclined toward the 
ipstream direction of the combustion gas. 

2. The combustor liner according to claim 1. charac- 
terized in that the respective central axes of said 
20 cooling holes (3) are inclined within an angular 
range from 45"* to 80** toward the dowrtstream direc- 
tion for the gas with respect to a radial cfirection for 
ttie liner sheU (1). 

25 3. The combustor finer according to claim 1 or 2, char- 
acterized in that said liner shell (1) includes, a 
region (11) having a wavy configuration, arxj a 
region (12) disposed downstream of the wavy-con- 
figuration region and having a conrugated oonfigu- 

30 ration, the wavy- arxl conrugated-configuration 
regions (1 1 and 1 2) are continuous with each other. 

4. The combustor liner according to daim 3. charac- 
terized in that a height of said conojgated configure- 
rs tion (12) ranges from 2 to 8 mm. 

5. A method for manufacturing a multi-hole film cooled 
comtxjstor liner for a gas tuibtne, said comtxjstor 
liner being mounted on a combustor located 

40 t>etween a compressor and the turbine, said 
method comprising steps of. 

curving a planar flat memt>er to form a liner 
shell (1) of a cylirxlrical shape. 

45 

welding the cylindrical member in the longitudi- 
nal direction thereof to form a cylindrical shell. 

forming a wave configuration (1 1) and a corru- 
50 gated configuration (12) cylindrical shell by a 

hydro-bulging method, and holes (3) by laser 
drilling through those regions situated 
upstream of wave crest portions of the liner 
shell (1) in a manner such that the center axis 
55 of each cooling hole (3) is inclined toward the 

upstream direction for the comtxjstion gas. 

6. The method for manufacturing the comtxistor liner 
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according to claim 5. chsuacterized in that said step 
of boring the cooling holes (3) by laser drilling 
includes use of a CO2 laser. YAQ laser, or excimer 
layer as a laser heat source. 
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